Redescription and Variability of Polystoma mazurmovici and P. skuratovitchi (Monogenea, Polystomatidae), with a Key to Polystoma from Anurans of Ukraine. Rubtsova, N. Yu. -New distributional records for Polystoma mazurmovici Buchvarov, 1980 from Rana dalmatina Fitzinger in Bonaparte, 1839 and P. scuratovitchi Buchvarov, 1984 from Rana arvalis Nicolsson, 1842 reported for the Ukrainian territory of Europe. P. mazurmovici and P. skuratovitchi confi rmed as valid species, though their original descriptions were very brief and based on a mixed sub-adult and adult individuals. Metrical data of these species together with new morphological information are provided and incorporated in a dichotomous key to adult Polystoma from anurans of Ukraine. Redescription of an adult form of P. skuratovitchi and descriptions of sub-adult forms of P. mazurmovici and P. skuratovitchi are provided. Study confi rms strict host specifi city of polystomes and increases the number of already known species of Polystoma of Ukrainian fauna to four.
Introduction
reported the following species of anuran amphibians from the Ukrainian territory: European fi re bellied toad, Bombina bombina (Linnaeus, 1761), yellow-bellied toad, B. variegata (Linnaeus, 1758) , European common spadefoot, Pelobates fuscus (Laurenti, 1768), European tree frog, Hyla arborea (Linnaeus, 1758), common toad, Bufo bufo (Linnaeus, 1758), European green toad, Bufotes viridis (Laurenti, 1768) , natterjack toad, Bufo calamita Laurenti, 1768, common frog, Rana temporaria Linnaeus, 1758, moor frog, R. arvalis Nilsson, 1842, agile frog, R. dalmatina Fitzinger in Bonaparte, 1843, marsh frog, Pelophylax ridibundus Pallas, 1771, pool frog P. lessonae Camerano, 1882 «1881» and edible frog. P. esculentus Linnaeus, 1758. Ryzhykov et al. (1980) reported only one species, Polystoma integerrimum (Fröhlich, 1798) from six species of anurans on the former Soviet Union territory, though they questioned the correctness of the fi ndings of P. integerrimum in P. fuscus and B. bufo. Only two species of Polystoma have been known from the Ukrainian territory since 1981: P. integerrimum (Fröhlich, 1798) 
[= P. integerrimum integerrimum (sensu Euzet & Combes

Results
Our review of museum collections from R. arvalis and R. dalmatina, that remained unidentifi ed since 1978, showed that they belonged to P. mazurmovici Buchvarov, 1980 (fi g. 1, A) and P. skuratovitchi Buchvarov, 1984 (fi g. 1, B) , respectively, see Buchvarov (1980; 1984 b) . Th ese monogeneans can be clearly identifi ed by the morphology of anchors (hamuli) (fi g. 2, A, B) and the ratio of their main parts. Measurements of fi ve specimens of P. skuratovitchi collected from R. arvalis and one specimen of P. mazurmovici from R. dalmatina, and measurements from the original descriptions of P. mazurmovici and P. skuratovitchi are presented in the table 1.
Information on the male copulatory organ crown of spines, missing in the original descriptions of P. mazurmovici and P. skuratovitchi (Buchvarov, 1980 , provided in the present study. Drawings of the crowns of spines of the copulatory organ of these two species are provided for the fi rst time (fi g. 2, A, B for P. mazurmovici; fi g. 2, C for (Buchvarov, 1980) , mm P. mazurmovici (present study, subadult, n = 1), mm P. scuratovitchi (Buchvarov, 1984 b) , mm P. scuratovitchi (present study, total sample, n = 5), mm P. scuratovitchi (present study, sub-adults, n = 4), mm * Hamuli parameters according to Euzet et al. (1974) .
P. skuratovitchi).
Few morphological features that we consider signifi cant for species diagnosis in Polystoma are discussed herein. Among them are the shape and diameter of the genital bulb crown of spines, the position of a constriction in the crown of spines and the shape of the intestine wall facing genital complex. A detailed description of the subadult form of Polystoma mazurmovici, with the additional previously missing information and correcting errors in the original description is provided below. (Buchvarov, 1980) . Other localities: Çinarcik County, Yalova Province, Turkey (40°38´34.1˝ N 29°07´19.7˝ E) (Yildirimhan et al., 2016) ; Lviv Region, Ukraine (49°58´48.6˝ N 23°47´20.4˝ E) (present study).
Remarks. Th e description of a sub-adult form of P. mazurmovici provides new morphometric data that were missing in the original description. Th is description includes information on the morphology of crown of spines of copulatory organ, its base diameter, number and length of spines, depth of slots in the base of crown of spines and position of a constriction part in the crown of spines of the copulatory organ. Information on position of inner organs, such as intestine, number of its anastomoses, shape of the intestinal wall facing genital complex and shape of ovary is also provided. Ratio between major parameters of hamuli corresponds to that in the original description, which is considered a reliable diagnostic feature in Polystoma (Euzet et al, 1974; Buchvarov, 1980) (table 2) . Parameters of hamuli in the original description are given as average, a and b parameters of the hamulus have close meanings, while c and d in specimen in our research are smaller. Dimensions of the body, pharynx and ovary in our specimen are smaller. Th at indicates that our specimen is a sub-adult form of P. mazurmovici as it is noted in the Discussion. Below we provide a detailed redescription of an adult form and a description of a sub-adult form of P. mazurmovici, adding missing information and correcting errors in the original description.
R e d e s c r i p t i o n o f a n a d u l t f o r m o f P o l y s t o m a s c u r a t o v i t c h i B u c h v a r o v 1 9 8 4 w i t h a d e s c r i p t i o n o f s u b -a d u l t f o r m ( b a s e d o n o n e a d u l t a n d f o u r s u b -a d u l t s ) .
For measurements and metric diff erences between adult and sub-adult forms, see table 1. All redescription information of an adult form, unless specifi ed separately, is true for the description of the sub-adult form.
Body pyriform, about one-third as wide as long, tapering anteriorly. Haptor hexagonal, with three pairs of cup-like suckers. Hooklets not seen. Hamuli well developed (fi g. 2, B), located between fi rst pair of suckers. Blade of each hamulus ending with a sharp spike raised above body surface. Oral cavity subterminal. Pharynx muscular, pyriform. Esophagus short. Intestine bifurcate. Left caecum with 27 external diverticula in adult and 26 (24-28) external diverticula in sub-adult. Right caecum with 25 small external diverticula extending in adult and 24 (22-26) in sub-adult. Large medial diverticula interspersed by 3-6 smaller, unbranched diverticula. Caeca fusing anterior to haptor; posterior caecal union occupying central part of haptor, with 10 external diverticula in adult and 10 to 12 external diverticula in sub-adults. Anastomoses fi ve in adults and 4-5 in sub-adults, in both cases with 2-3 large internal diverticula extending beyond mid-line, oft en branched. Large diverticula interspersed by smaller, unbranched diverticula. In sub-adults, anastomoses sometimes not fused. Th e intestinal wall facing genital complex wavy, with 2-3 minor anastomoses in posterior part (fi g 1, B ). Copulatory organ with palm-capital shaped crown of spines attached by their bases forming deep slots (fi g. 3, B). Constriction part in crown of spines (fi g. 2, B) at 1/3 of length of spines, close to their dorsal ends. Testis not seen. Ovary sickleshaped, with narrowed and shorter anterior part, at right of mid-line in anterior third of body. Eggs not observed.
Type host: Rana arvalis Nicolsson, 1842. Site of infection: urinary bladder. Type locality: Western Poland (the exact place is unknown) (Buchvarov, 1984 b) . Other localities: Lviv Region, Ukraine (49°58´48.6˝N 23°47´20.4˝E) (present study).
Remarks. Present redescription of an adult form provides new morphometric data on crown of spines of copulatory organ, its base diameter, number and length of spines, depth of slots in the base of crown of spines and position of a constriction part in the crown of spines of copulatory organ. Information on position of inner organs, such as intestine, number of its anastomoses, shape of the intestinal wall facing genital complex and ovary shape is also provided for the fi rst time. Shape of hamuli is similar to that in the original description. All measurements from a total sample of fi ve specimens of P. scuratovitchi are within the limits indicated in the original description. At the same time in our sample, we identifi ed one adult specimen (based on body parameters and maturity of the reproductive system) and four sub-adults, and provided their measurements separately (tables 1, 2). Th e delineation of the two developmental stages in the original description was not made and the presence of a mixture of two age groups in the description of P. scuratovitchi is discussed below.
While the original descriptions of P. mazurmovici and P. skuratovitchi were very brief and obviously based on a mixture of monogeneans of diff erent age groups, sub-adults and adults (see Discussion), we have no doubt on the validity of both species and include them in the Key of Polystoma from Ukraine. Th e following Key includes other two species of the genus known from the territory of the country, P. integerrimum and P. viridis. We assume that in Ukraine at least two more Polystoma species, P. skrjabini from H. arborea and P. fuscus Biserkov & Hadjinikolova, 1993 from P. fuscus (Biserkov, Hadjinikolova, 1993) may possibly be present because of the presence of their hosts. Th at is why we also include these species in the Key. We provide the Key only for adults of Polystoma. Ratios of main parameters of hamuli for adults of P. integerrimum and P. scuratovitchi used in the Key are discussed in Rubtsova & Heckmann (2017) 
Discussion
The spine crown of the genital bulb morphology Th e shape of a crown of spines of the copulatory organ was noted as a signifi cant feature in distinguishing of monogeneans (Bykhovsky, 1957) . Gusev (1985) considered the shape of sclerotized parts of the copulatory organ as one of the substantial morphological features, together with attachment structures, in Monogenea. R ecent descriptions of polystomes usually provide graphic, descriptive and metric information on spines of genital bulb (Biserkov & Hadjinikolova, 1993; Biserkov et al., 2001; Du Preez et al., 2007) . Th at is why we deemed it necessary to add this information in the present study. Information on the position of a constriction of the crown of spines of the male copulatory organ was provided in the present study. Despite this interspecifi c diff erence was discovered in a limited number of specimens, it clearly distinguishes P. mazurmovici and P. skuratovitchi from each other as well as from other species. For example, drawing provided in the original description of P. macronemis Biserkov et al., 2001 shows that the constriction part of the spine complex is at the dorsal tip of its crown (fi g. 2, B in Biserkov et al. (2001) ). Drawing in the description of Polystoma fuscus Biserkov & Hadjinikolova, 1993 shows that the constriction part of spine complex is at 1/5 of the length from the dorsal end of the crown of spines (fi g. 1, C in Biserkov & Hadjinikolova (1993) ). We consider this characteristic of the crown of spines to be a useful taxonomic feature and used it when creating the Key.
The presence of various developmental stages in the original description of P . m a z u r m o v i c i
Morphometric analysis of one specimen of P. mazurmovici in the present study, its body size and proportionally smaller measurements of hamuli indicate that it is a subadult form, while the original description was apparently based on adults. Nevertheless, we found some inaccuracies in the original description. Sic, the original description of P. mazurmovici Buchvarov (1980) gives the range for the body length measurements as 5.4-11.9 mm, average 8.4 mm. While looking on the drawing of P. mazurmovici in Buchvarov (1980) , that has a scale bar 1 mm, one could measure that body size of the worm is only 4.3 mm. Th at is very close to the size of the sub-adult specimen in our study. Th e size and the ratio between the length of the main part and the root of the hamuli in the description of P. mazurmovici (Buchvarov, 1980) show that the drawings in his research (and, obviously, measurements) represent diff erent age groups of the same species. Four anchors from the left on plate "д" (fi g. 8) have outer roots that are noticeably longer and inner roots are much wider, in comparison with the other six other anchors to the right. Th is graphic information of hamuli, together with the fact that Buchvarov (1980) provided only average values of hamuli measurements, gives us a reason to assume that there was a big range of variation in this one of the most reliable metric parameters in Monogenea. Range of variations in body parameters, dimensions of haptor, oral sucker and ovary also noticeably diff er two or three fold in the description of P. mazurmovici (Buchvarov, 1980) .
Sizes of hard parts of monogeneans, such as sclerotized structures of haptor and copulatory system may change with the age. For example, inner roots of anchors from mature dactylogyrid monogenean Dactylogyrus auriculatus (Nordmann, 1832) have more developed inner roots, than immature ones. Moreover, the most mature worms of the same species have "inner root very massive, with swelling" (Gusev & Kulemina, 1971) . Th e shape of sclerotized structures of haptor and copulatory system, according to Gusev and Kulemina (1971) , remains a more stable characteristic than metric parameters in monogeneans of the same species of diff erent age groups. Th e same authors also showed that age diff erences are much bigger for sclerotized structures of haptor, than for sclerotized structures of copulatory system. Buchvarov (1980) drew attention to the fact that c and d parameters of hamuli show the best diff erences between the species of Polystoma. Th ese parameters refl ect the lengths of inner and outer roots of hamuli. Roots of hamuli grow during the worm`s life (Gusev, Kulemina, 1971) and become bigger as the worm grows larger. Same observation have been documented in our study on a big sample of ancyrocephalid monogenean Ligophorus vanbenedenii (Euzet & Suriano, 1977) (Rubtsova et al., 2005) . Accordinly, it is important to use only adult monogeneans in taxonomic studies (Rubtsova, Heckmann, 2017) .
The presence of various developmental stages in the original description of P . s c u r a t o v i t c h i
Th ere are few indicators that the original description of P. scuratovitchi was based on a mixture of worms of diff erent age groups -sub-adults and adults (see Rubtsova, Heckmann, 2017) . Body length and width in the original description of P. scuratovitchi was given as an average value. Most of the metric parameters in Butchvarov (1984 b) suggest a wide range of variation. Note variation of haptor length from 0.29 to 1.56 mm, oral sucker length from 0.09 to 0.402 mm, pharynx length from 0.030 to 0.306 mm, ovary 0.060 to 1.380 mm and so on (table 1). In the description of P. scuratovitchi Buchvarov (1984 b) did not specify the minimum and maximum values for the size of the hamuli, but gave only the average; however, the diff erence could be obviously seen from the fi g 3.1 (Buchvarov, 1982) .
For another example of descriptions based on a mixture of two age groups, see the original description of P. combesi Buchvarov, 1982 from R. graeca Boulanger, 1897 , that consists variation range of hamuli of two diff erent size groups, one almost twice as large as the other (Buchvarov, 1982) . Present study also raises the following question: why had the species P. combesi been mentioned in the 1980 paper (Buchvarov, 1980) while the description of the same species was published two years later, in 1982 (Buchvarov, 1982) ?
